Agonists of fibroblast growth factor receptor induce neurite outgrowth and survival of cerebellar granule neurons.
Fibroblast growth factor receptor (FGFR) signaling is pivotal in the regulation of neurogenesis, neuronal differentiation and survival, and synaptic plasticity both during development and in adulthood. In order to develop low molecular weight agonists of FGFR, seven peptides, termed hexafins, corresponding to the beta6-beta7 loop region of the FGF 1, 2, 3, 8, 9, 10, and 17, were synthesized. This region shares a homologous amino acid sequence with the FG-loop region of the second fibronectin Type III module of the neural cell adhesion molecule (NCAM) that binds to the FGFR. Hexafins were shown by surface plasmon resonance to bind to FGFR1-IIIc-Ig2-3 and FGFR2-IIIb-Ig2-3. The heparin analog sucrose octasulfate inhibited hexafin binding to FGFR1-IIIc-Ig2-3 indicating overlapping binding sites. Hexafin-binding to FGFR1-IIIc resulted in receptor phosphorylation, but inhibited FGF1-induced FGFR1 phosphorylation, indicating that hexafins act as partial agonists. Hexafin2, 3, 8, 10, and 17 (but not 1 or 9) induced neurite outgrowth from cerebellar granule neurons (CGNs), an effect that was abolished by two inhibitors of FGFR, SU5402 and inositol hexaphosphate (IP6) and a diacylglycerol lipase inhibitor, RHC-80267. The neuritogenic effects of selected hexafins could also be inhibited by FGF1 which by itself did not induce neurite outgrowth. Moreover, hexafin1, 3, 9, 10, and 17 (but not 2 or 8) promoted survival of CGNs induced to undergo apoptosis. Thus, selected hexafins induced neuronal differentiation and survival, making them promising pharmacological tools for the study of functional FGFR regulation in development of the nervous system.